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Introduction

Xylanase and B-xylosidase have been reported in many microorganisms

papér- indusa'uyi

Halorhabdus utahensis i = o - . .

Geobacillus stearothermophilus S b

Bacillus thermantarcticus

neutrophilic(4{4)?
Thermomonospora fusca

Humicola insolens




Introduction

Geobacillus thermodenitrificans NG80-2

8. deep oil reservoir in Northern China
GKEE: 45~73°CZ|g)
LA U S AR SR R EELE—RYBKEAIRER

two xylanases: XynA1l (GTNG 1767) . XynA2 (GTNG 1774)
three B-xylosidases: XynB1(GTNG 7769). XynB2 (GTNG 1775) . XynB3 (GTNG 1758)

one a-L-arabinofuranosidase gene: ADbfA (GTnG 7797)



Materials and methods

Materials

Xylan from corn cob, oat spelt, birchwood,
primers beechwood, and barley p-glucan, CMC-Na, xylose,
DNA purification kits PNP-Xyl, pNP-Gal, pNP-Glc, pNP-Araf,
DNA Polymerase (R&i#) pPNP, PMSF
restriction endonucleases Sugar beet arabinan, water-soluble wheat
T4 DNA ligase arabinoxylan, debranched arabinan, xylobiose,

xylotriose, xylotetraose, and xylopentose were

purchased from Megazyme



Materials and methods

Bacterial strains, plasmids, and growth conditions

Bacteria: G. thermodenitrificans NG80-2 60°C
E.coli DH5a and BL21(DE3) 37°C
plasmids : pET-28a(+) _ﬂﬁ:._.m.m,%h e
;@ﬁ“
f P et “

Kanamycin (50 mg/mL)



Materials and methods

Construction of recombinant plasmids

GTNG_1761 XynAT PCR
GTNG_1774 XynA2
GTNG_1769XynB1
GTNG_1775XynB2
GTNG_1758XynB3
GTNG_1791 AbfA

E. coli

BL21(DE3)




Materials and methods

Protein expression and purification

1. ODsoo reached 0.6
0.1TmM isopropylthio-B-D-galactopyranoside(FZL##) for 4h at 37°C
2. 10,000xg for 10 min at 4°C
washed with binding buffer (50 mM Tris—HCI, pH 8.0, 300 mM NacCl, 10 mM imidazole)
resuspended in the binding buffer (1 mM PMSF and 1 mg/mL of lysozyme)
3. ultrasonic processor (BEHLHR)
10 mg/L RNase A and 5 mg/L DNase | and centrifuged at 18,000xg for 30min
4. Fast Flow column  eluted
20 mM imidazole 250 mM imidazole
5. SDS—-PAGE and native-PAGE



Materials and methods
Enzyme activity assay DNS

100 pL total volume

for 10 min at 60 °C

150 uL of DNS solution

to a 100°C water bath for10 min

and then cooled to ambient temperature

UV-2550UV-Vis spectrophotometer
540nm

performed separately in triplicate




Materials and methods
Biochemical properties of the enzymes

Optimum temperature
Temperature range 25 to 100 °C at pH 7.0 for 20 min

Optimum pH
for 20 min at pH values from 3.0 to 12.0 in universal buffer at the optimal temperature

Thermostability
50 to 85°C

various metals
(5 mM Na+,K +, Cu2+, Ca2+, Co2+, Ni2+, Mn2+, Mg2+, Zn2+, Fe3+, or Al3+)

inhibitors
(5mM DTT, BME, EDTA)

surfactants (0.5% SDS orTween40) organic solvents (5% alkane or alcohol)



Materials and methods

Tolerance to xylose by B-xylosidase ( B-AEEEESNATERITISIH)

The influence of various xylose concentrations on the B-xylosidase activities of

XynB1, XynB2, and XynB3 was assessed

The substratep NP-Xyl, appropriate amounts of enzymes, and various concentrations of

xylose (50—1000 mM) were mixed together and incubated at 50 °C for 10 min.



Materials and methods

Activity of xylanase, f3-xylosidase, and a-L-
arabinofuranosidase combinations

Synergetic activity of xylanase, B-xylosidase, and a-L-arabinofuranosidase
on various substrates,

including birchwood xylan, beechwood xylan, and oat spelt xylan, was tested as described previously

0.25U XynA1 or XynA2, 1.0 U XynB1 or XynB2 or XynB3, and/or 5.0 U AbfA)
and 900uL of 0.5%(w/v) substratein 100mM citrate— sodium citrate buffer (pH 6.0),
were incubated at 50 °C for 12 h

The reactions were terminated in a 100 °C water bath for10min and cooledto roomtemperature



Materials and methods

Analysis of sugar compositions by HPLC
at 10,000 rpm, 4 °C for 10 min

HPLC

Bioinformatics
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Fig. 2 Comparison of the genes involved in xylan hydrolysis in G. thermodenitrificans NG80-2 and G. stearothermophilus T-6. Comparisons were
made using tBLASTx, and similarities with E values lower than 0.01 are plotted as gray lines, as indicated by the figure legend
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Results

Table 1  Effects of reagents on XynAl, XynA2, XynB1, XynB2, XynB3, and AbfA activities
Reagents Relative activity (%)

XynAl XynA2 XynB1 XynB2 XynB3 AbfA
None 100.0 £7.9 100.0 = 3.1 100.0 9.2 100.0 + 5.6 100.0 = 4.1 100.0 + 6.8
AP* [5 mM] [923=56 | 86.5+4.1 | 98.9 + 1.1 1223 + 102 106.6 + 6.8 96.5 + 1.6
Ca®* [5S mM] (1653 +2.0] 116.6 + 8.1 163.8 + 4.4 1254+ 84 138.8+ 3.3 112.5+ 8.8
Co®* [5 mM] 0 40.8 +7.3 06.5 = 4.8 50814 99.8 +2.1
Cu®* [5 mM] [(322+55 ] 0 88.6 + 3.5 [932=35 ] 692+59 91.1+3.6
Fe’* [5 mM] [ 258+68 | [ 20.1+45 | 89.9 +£2.1 98.9 +3.3 92.3 +5.0
K* [5 mM] [1454+101] 1084 + 3.4 137.7 + 3.8 102.5+12.9 99.6 + 12.1 98.8 + 6.5
Mg”* [5 mM] 1022 +3.5 106.5 = 10.6 87.6 6.7 114.7+23 86.4 + 6.8 105.1 £3.9
Mn** [5 mM] 42518 | [16.9<10.6 | 92.5+3.8 84.9 +3.1 106.6 + 8.8
Na* [5 mM] [126.6+0.1 | [1055 1.8 ] 109.9 + 1.3 97.9+5.7 96.4 + 1.6 1144 + 10.5
Ni2* [5 mM] o 1 101.8+5.1 7901 87677 | 40.8+0.5 88.4+ 1.1
Zn’* [5 mM] [ 1407 +78 | LO | 14.8 + 0.1 [[65.6+53 | 382+0.8 703+ 1.5
DTT [5 mM] 65.5+2.9 85.9+ 0.6 1055+ 1.8 95.6 +4.7 92.3+5.8 80.5+2.2
RME [5 mM] 90.3 +0.5 733433 105.9 +5.1 98.8 +2.2 928 + 1.1 87.7 +2.6
EDTA [5 mM] [[1033%335 98515 ] 956 +6.8 104.5 +3.7 95.6 + 8.9 93.3 +3.0
SDS [0.5% (w/v)] 0 0 63.6 +3.8 778+ 126 0 70.3 £5.8
Tween 40 [0.5% (v/v)] 0 0 50.6 +5.5 87.6+7.7 0 87.9+11.2
Pentane [5% (v/v)] 98.5+2.2 85.9+ 1.7 100.5 £33 93.6 +2.5 97.8 +8.5 90.6 + 7.4
Decane [5% (v/v)] 82.6+3.9 773465 943 +5.5 90.5 + 5.0 88.9+4.5 80.9 + 6.6
Pentadecane [5% (v/v)] 90.3 + 0.8 88.0+ 12 96.8 +3.6 98.8 +3.4 90.9 + 6.5 92.5+6.9
Acetone [5% (v/v)] 90.6 + 6.6 94.4+29 859 +1.7 81.5+5.6 90.9 +3.3 97.8 +4.6
Methanol [5% (v/v)] 922+1.5 80.4 £2.7 89.5+0.9 92.9+6.5 93.6 5.1 85.5+7.7
Ethanol [5% (v/v)] 82.5+8.8 803+ 17 85.5+2.5 78.9+3.6 81.0+5.5 86.6 £ 4.2
n-Propanol [5% (v/v)] 85.5+ 1.8 70.9+2.9 755+3.8 83.6+12.5 85.9 + 8.4 80.6 + 5.1
n-Butanol [5% (v/v)] 72.7+59 80.5+5.7 777 +7.1 81.3+55 77.5+49 79.1+7.0
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Table 1  Effects of reagents on XynAl, XynA2, XynB1, XynB2, XynB3, and AbfA activities

Reagents Relative activity (%)

XynAl XynA2 XynBl XynB2 XynB3 AbfA
None 100.0 7.9 100.0 = 3.1 100.0 9.2 100.0 + 5.6 100.0 = 4.1 100.0 + 6.8
AP* [5 mM] 92.3 +5.6 86.5 + 4.1 98.9 = 1.1 1223 +102 106.6 + 6.8 96.5 + 1.6
Ca* [S mM] 165.3 £2.0 116.6 + 8.1 168.8 + 4.4 1254+ 8.4 138.8+ 3.3 112.5+ 8.8
Co* [5 mM] 20.3 3.5 0 40.8 +7.3 96.5 + 4.8 99.8 +2.1
Cu®* [5 mM] 322+55 0 88.6 £3.5 932+3.5 692+59 91.1 £3.6
Fe** [5 mM] 258+68 20.1 £45 89.9 +2.1 1464 + 6.5 98.9 +3.3 923 +5.0
K* [S mM] 145.4 +10.1 108.4 + 3.4 137.7+3.8 102.5 + 12.9 99.6 + 12.1 98.8 + 6.5
Mg?* [S mM] 1022 +3.5 106.5 = 10.6 87.6 6.7 114.7+2.3 864+ 6.8 105.1 3.9
Mn®* [5 mM] 42,5+ 1.8 16.9 = 10.6 92.5+3.8 1442+ 65 84.9+3.1 106.6 + 8.8
Na* [5 mM] 126.6 +0.1 105.5+ 1.8 109.9+13 97.9+57 964+ 1.6 1144 +10.5
Ni2* [5 mM] 0 101.8 + 5.1 17.9+0.1 87.6+7.7 408 = 0.5 88.4+ 1.1
Zn** [5 mM] 1407 +7.8 0 148 +0.1 65.6+5.3 382 +0.8 703+1.5
DTT [5 mM] 65.5+2.9 85.9+ 0.6 105.5+ 1.8 05.6 + 4.7 92.3+5.8 80.5+2.2
BME [5 mM] 90.3 +0.5 733+ 33 105.9 = 5.1 98.8+ 22 92.8 + 1.1 87.7+2.6
EDTA [5 mM] 1033 +3.5 98.5+ 1.5 95.6 + 6.8 104.5+3.7 95.6+ 8.9 93.3 +3.0
SDS [0.5% (w/v)] 0 0 63.6+3.8 77.8+12.6 0 703 +5.8
Tween 40 [0.5% (/)] 0 0 50.6 5.5 87.6+7.7 0 87.9+ 11.2
Pentane [5% (v/v)] 98.5+22 85.9+ 1.7 100.5+3.3 93.6+2.5 97.8 + 8.5 90.6 + 7.4
Decane [5% (v/v)] 82.6+3.9 773+ 6.5 943 +£55 90.5+ 5.0 88.9+ 4.5 80.9 + 6.6
Pentadecane [5% (v/v)] 90.3+0.8 88.0+ 12 96.8 = 3.6 08.8 + 3.4 90.9 + 6.5 92.5+6.9
Acetone [5% (v/v)] 90.6 + 6.6 94.4+29 859 +1.7 81.5+ 5.6 90.9 £33 97.8 + 4.6
Methanol [5% (v/v)] 922415 80.4 + 2.7 89.5 + 0.9 92.9+ 6.5 93.6 + 5.1 85.5+7.7
Ethanol [5% (vv)] 82.5+ 8.8 803+ 1.7 85.5+2.5 789+ 3.6 81.0+5.5 86.6 + 4.2
n-Propanol [5% (v/v)] 85.5+ 1.8 70.9 £ 2.9 75.5+3.8 83.6+ 12.5 85.0 + 8.4 80.6 + 5.1
n-Butanol [5% (v/)] 72.7+5.9 80.5+ 5.7 777 +7.1 81.3+55 775+49 79.1 £7.0
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Table 2  Substrate specificities of XynAl, XynA2, XynB1, XynB2, XynB3, and AbfA

Substrates® Relative activity (%)

XynAl XynA2 XynBl1 XynB2 XynB3 AbfA
Beechwood xylan 100.0 + 2.5 100.0 £ 5.1 55+13 84+1.1 6.2 +0.5 -
Birchwood xylan 783 +44 66.5+2.6 42 +0.1 6.9+1.6 55+£0.8 -
Oat spelt xylan 65.3+5.8 70.3 +11.2 3.6 £0.8 4.8+0.9 1.5+0.5 45+12
Corn cob xylan 428+ 4.4 502+55 1.1+03 0.8+0.2 1.5+04 1.2+0.5
Water-soluble wheat arabinoxylan 54.9+2.6 50.8 +4.5 3.1+0.6 3.1+0.6 3.1+£0.6 65+t22
Sugar beet arabinan 10.8 £ 6.9 12.5+44 56+1.0 56 =10 5.6 1.0 7.8+0.9
Debranched arabinan 6.9+5.1 Ba =38 - - - -
PpNP-Xyl - - 100.0 +2.6 100.0 £ 6.2 100.0+44 25+1.0
PpNP-Araf - - 26.6 +3.2 - 41+0.5 100.0 +3.9
pNP-Gal - - - - — -
pNP-Glc — - - 126+2.5 — —
pNP-Arap — — — - — —

— not detected

* Substrate specificities were examined under standard assay conditions with 1% (w/v) beechwood xylan, birchwood xylan, oat spelt xylan, corn cob
xylan, water-soluble wheat arabinoxylan, sugar beet arabinan, debranched arabinan, and 1 mM of pNP-Xyl, pNP-Araf, pNP-Gal, pNP-Glc, and pNP-

Arap
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Fig. 6 Effect of xylose on XynB1, XynB2, and XynB3 activities. Residual
activities were determined when XynB1, XynB2, and XynB3 were

individually incubated in the presence of different concentrations of
xylose
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Table 3  Synergistic action of xylanases, [3-xylosidases, and «-L-arabinofuranosidase on reducing sugar yields

Enzyme preparations

Oat spelt xylan

Birchwood xylan

Beechwood xylan

Reducing sugar Degree of Reducing sugar Degree of Reducing sugar Degree of
yields (mM) synergy” yields (mM) synergy yields (mM) synergy
XynAl 3359 £0.108 6.885 +0.133 12.544 £ 0.121
XynA2 5.514 +0.075 5.033 +0.093 8.841 + 0.055
XynB1 0.036 + 0.008 0.041 +0.011 0.059 + 0.003
XynB2 0.065 +0.011 0.078 +0.007 0.088 + 0.008
XynB3 0.022 +0.005 0.049 + 0.008 0.062 £ 0.012
AbfA 0.068 +0.013 - -
XynAl + XynA2 9.368 = 0.123 12968 + 0.083 1.09* 22658+ 0.155__1.06 ]
XynAl + XynBI 3.674 0,052 1.08* 6.971 +0.103 13.451 = 0.191 1.06*
XynAl + XynB2 4543 £0.108 133+ 10.095 + 0.029 1.45% 16,039 + 0.023 1.27*
XynAl + XynB3 4.024 +0.034 1.19* 8.044 + 0.015 1.16* 14.092 + 0.016 112+
XynAl + AbfA 4461 +0.009 130+ 9.561 +0.031 1.39% 15.602 +0.105 1.24*
XynA2 + XynBI 10.561 +0.015 1.90* 6.638 +£0.073 1.31% 10.015 £ 0.016 113+
XynA2 + XynB2 11104 + 0054199 ] 9.672+0.057 1.89% 9.942 £ 0.020 RIE
XynA2 + XynB3 10.069 + 0.024 1.82* 10.066 + 0.010 10.106 + 0.131 1.14%
XynA2 + AbfA 8.833 +0.035 .58+ 7.985 +0.031 .59+ 12.311 +0.014 1.39%
XynAl + XynBI + AbfA 6.589 + 0.023 1.90* 9.223 + 0.061 1.33* 18.156 + 0.033 .44
XynAl + XynB2 + AbfA 7.331 +0.055 2.10% 11316 + 0.092 1.63* 16.882 + 0.051 1.34*
XynAl + XynB3 + AbfA 6.665 + 0.059 1.93+ 9.881 +0.012 1.43% 16.536 + 0.033 1.31%
XynA2 + XynBI + AbfA 13.991 +0.031 8.855  0.066 1.75% 14.451 £ 0.011
XynA2 + XynB2 + AbfA 12.578 +0.022 223+ 11.744 0034 2.30% 11.514 +0.038 1.29%
XynA2 + XynB3 + AbfA 11.855 + 0.044 2.12* 12221 +0019[___2.40% | 13.150+0.024 1.48*
XynAl + XynBI + XynB2 +  7.085 £ 0.014 2017 T1.253 £ 0.105 T.o1F 70,655 + 0.083 T557
AbfA
XynAl + XynBl + XynB2 +  6.989 +0.029 1.97+ 10.386 + 0.064 1.47% 18.059 + 0.033 1 .42+
XynB3 + AbfA
XynA2 + XynBl + XynB2+ 10,016+ 0.045 1.76% 9.008 + 0.038 1.75% 9.896 +0.151 1.10%
AbfA
XynA2 + XynBl + XynB2+  9.124 £0.014 1.60* 8.325 +0.055 1.60% 9.988 +0.104 1.10%

XynB3 + AbfA

Samples of xylan were incubated in the presence of either single or a combination of endo-xylanase (0.25 U XynAl or XynA2), 3-xylosidase (1.0 U

XynBl, XynB2, or XynB3), and o-L-arabinofuranosidase (1.0 U AbfA)

— not detected

*The enzymatic reaction is significantly synergistic at P < 0.05 (Tukey’s test by OriginPro 8)

*The degree of synergy is defined as the ratio of xylose equivalents from enzyme reactions to the sum of the xylose equivalents released by the individual

enzymes
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